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Abstract
The investigators looked at one method for curbing invasive species that limit carbon sequestration potential
for tallgrass prairie stands. They also learned that grasslands dominated by either warm-season, cool-season, or
mixed stands are likely equal in their carbon sequestration potential.
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Q Do grasslands dominated by native grasses have higher car-bon sequestration potential than those dominated by intro-
duced forage grasses- namely tall fescue?  
A The project hypothesis was that native species with greater rooting depths offered more potential to sequester carbon 
than introduced species, and that the fire-grazing interaction 
would promote native species and increase overall carbon seques-
tration potential.  Data developed in this study did not support 
these hypotheses, nor did it reject them.  Complex soil processes and the short history 
of fire reintroduction to the study sites may have masked some of the benefits.  
Background
Iowa’s native and restored tallgrass prairie grasslands have the potential to provide 
numerous ecosystem services beyond animal agriculture, including carbon 
sequestration. However, research suggests that invasive species can alter ecosystem 
processes related to these services. Specifically, invasive, cool-season grasses with 
shallow rooting depths could prevent the deposition of organic matter to the deep, 
long-term soil carbon cycle that is responsible for carbon sequestration under native 
tallgrass prairie. Improving carbon sequestration ability is a potential economic 
opportunity for Iowa’s farmers and landowners, given recent incentives from the 
global carbon credit market. It also can be an important step in mitigating the carbon 
footprint of Iowa agriculture. However, the control of invasive species can be both 
economically and ecologically costly.
The overall purpose of this research was to determine if the invasion of cool-season 
grasses affects the carbon sequestration potential of native grasslands, and to evaluate 
the effectiveness of patch-burn grazing as an ecologically sound, low-input means for 
tallgrass prairie restoration.  Specific objectives were to:
1. Investigate the relationship between invasive species abundance, native vegetation 
communities, and deep-soil organic matter and soil organic carbon on working 
grassland in Iowa; and
2. Evaluate patch-burn grazing as a low-energy means for reducing invasive species 
abundance and increasing the carbon sequestration potential of Iowa’s grassland.
The research team hypothesized that grassland dominated by native grasses and forbs 
would have a higher potential for carbon sequestration than non-native species due 
to greater rooting depths that contribute organic matter to deeper, more long-term 
soil carbon cycles. Furthermore, they predicted that patch burn-grazing can increase 
carbon sequestration potential by reducing nonnative, invasive species cover and 
restoring deep-rooted, native prairie communities.
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Approach and methods
The investigators studied the relationship between aboveground 
plant communities and belowground soil properties, with specific 
emphasis on the abundance of tall fescue floristic degradation 
above ground, and the depth of roots and soil organic carbon (SOC) 
belowground. They collected these soil and vegetation data from 
grassland involved in research on the effectiveness of patch-burn 
grazing as a low-input method of restoring tallgrass prairie. (These 
data were gathered as part of this project.)
This study was conducted in the Grand River Grasslands (GRG), a 
30,000 ha landscape in Ringgold County, IA and Harrison County, 
MO. Study tracts were identified by The Nature Conservancy as the 
best known opportunity to restore a functional tallgrass prairie system in the Cen-
tral Tallgrass Prairie ecoregions of North America. This designation is based on the 
observed presence of native species that suggest the site includes parcels of remnant 
prairie, which might indicate that the soil matrix has not been disturbed by plowing 
since European settlement.
Study tracts ranged in size from 39 to 90 acres, studied for this particular project in 
2010-2011 (one year).  This project is part of a larger, regional level assessment of 
incorporating prescribed fire as a tool to manage grasslands and the resulting effects 
on wildlife, soils, vegetation, cattle, and rural livelihoods in southern Iowa.
Results and discussion
Objective 1
The results did not support the initial hypotheses that root mass and SOC would 
have a positive relationship with each other and a negative relationship with tall 
fescue canopy cover or vegetation degradation at any depth. There was not statistical 
evidence that the plant community composition affected root mass or SOC at any 
depth in the soil column between the surface and 200 cm. As such, the data presented 
no indication that decreasing the abundance of invasive cool-season grasses such as 
tall fescue could be expected to increase root mass or SOC and subsequently increase 
the carbon sequestration potential of so-restored grassland.
It should be noted that these data represent a snapshot in time of a system with 
incredibly complex processes, and it is important to consider that while the data do 
not support the stated hypotheses, these data do not preclude the hypotheses from 
being supported by additional work. The data do provide a valuable baseline against 
which future changes might be measured. The research team recommends that any 
additional work on these questions in this system consider differences in the temporal 
scale of the relevant ecosystem processes.
Objective 2
While tall fescue abundance was generally lower on patch-burned and grazed 
pastures than on tracts similarly grazed but burned in their entirety every third 
year, this relationship was not significantly different over the four years of data 
analyzed in the linear mixed-effect regression models the researchers used. Patch 
burn grazing has increased the proportion of tall fescue tillers grazed in the most 
recently-burned patches when compared to selection for tall fescue by cattle grazing 
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in homogeneously-burned pastures, which suggests that it might take several 
years for the fire-grazing interaction to alter plant community composition.
Conclusions
There was no correlation between root mass and soil organic carbon (SOC) 
at any depth in the top 200 cm of soil in the 31 plots studied in this project. 
Neither root mass nor SOC varied with tall fescue canopy cover or vegetation 
degradation state at any studied depth. While tall fescue abundance tended 
to be lower on grazed tracts managed with patch burning than grazed tracts 
managed with a homogeneous fire regime, the difference was not significant 
across the four years studied. Differences in the temporal scale of relevant ecosystem 
processes likely are responsible for the lack of association between observed variation 
both aboveground and belowground. 
As noted, there are a numbers of factors at play within this soil community.  As part 
of the larger study, some data suggest that the fire grazing interaction (patch-burn 
grazing when in the context of management) does increase foraging on tall fescue, 
which may in turn limit its spread and allow other grassland species to express them-
selves, thereby diversifying the forage community.
High clay content in the upper layers of the soil presented a barrier to root penetra-
tion and posed interesting questions about the impact of limited root penetration on 
the carbon sequestration potential of these grasslands. It is not known whether the 
lack of organic matter additions to the subsoil via plant roots reduces overall carbon 
sequestration potential for these soils. If root biomass is simply more concentrated 
in shallower horizons, that carbon may be stabilized by the higher clay contents, and 
therefore soil carbon sequestration potential could be maintained.
Impact of results
The greatest impact of these results for Iowa agriculture likely pertain more to policy 
than directly to management. If Iowa landowners have the opportunity to participate 
in the exchange of carbon sequestration credits, these results suggest that grasslands 
dominated by warm-season, cool-season, or mixed stands are likely equal in their 
carbon sequestration potential and thus potential value on these markets. In this re-
spect, landowners might experience fewer barriers to enrollment. However, because 
high clay content near the soil surface appears to limit root penetration for all plant 
types, further research is necessary to determine how much carbon these grasslands 
can actually sequester, regardless of how consistent the potential appears to be across 
stand types.
Devan Allen McGranahan 
presents preliminary root 
mass and vegetation data 
from the Grand
River Grasslands at the 
National Sustainability Expo 
on the National Mall, Wash-
ington, D.C., in March 2011.
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Leveraged funds  
Data and methods from this work contributed to the writing of a successful grant for 
approximately $4,000 to the Iowa Science Foundation to examine associations of 
sedge (Carex spp) in these same southern Iowa grasslands.
Education and outreach
Much of the data presented in this report were received in raw form as late as 
November 2011. The research team continues to analyze and interpret these data 
towards the proposed goals of disseminating information within the GRG and for 
broader audiences.
Several peer-reviewed publications that will use a part of data collected in this 
project are planned. Already underway is an article addressing the hypotheses 
presented in Objective 1 and the impact of high clay concentrations near the soil 
surface. Subsequent publications will combine the SOC data, soil descriptions, 
and other plant community and land-use history data to inform questions about the 
legacy of land-use history on plant communities and the effects of land-use history 
and soil properties on the restoration of grassland in working landscapes.
Preliminary analyses of root mass and vegetation data were presented at the National 
Sustainability Expo in Washington, D.C. in March 2011. The investigators continue 
to present these data both to landowners as part of ongoing research in the GRG and 
to broader audiences (e.g., Ecological Society of America annual meeting, August 
2012, Society for Range Management annual meeting, February 2013).
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